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ABSTRACT 


THE  STABILITY  OF  RETURN,  RISK  AND  THE  COST  OF  CAPITAL 
FOR  THE  ELECTRIC  UTILITY  INDUSTRY 


The  causes  of  the  dramatic  cyclical  fluctuations  in  the  OLS  esti- 
mates of  beta  for  a  significant  number  of  electric  utilities  in  the 
past  two  decades  has  been  an  open  question.   This  paper  uses  changes 
in  the  four  moments  (means,  variance,  skewness  and  kurtosis)  of  stock 
returns  and  risk-return  tradeoff  behavior  to  explain  potential  causes 
of  fluctuation  of  utility  company  betas  and  cost  of  capital  estimates 
over  time.   An  alternative  time-varying  Bayesian  Beta  estimator  is 
used  to  examine  the  degree  of  stationarity  over  time.   Both  OLS  and 
the  time-varying  estimates  are  used  to  examine  interperiod  and  intra- 
period  beta  fluctuations.   In  addition,  ARIMA  modeling  is  used  on  the 
series  of  time-varying  beta  estimates  to  improve  the  forecasting  of 
systematic  risk  and  the  cost  of  equity  capital. 
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THE  STABILITY  OF  RETURN,  RISK  AND  THE  COST  OF  CAPITAL 
FOR  THE  ELECTRIC  UTILITY  INDUSTRY 


I.   Introduction 

The  popularity  of  the  use  of  the  CAPM  in  state  commission  public 
utility  regulatory  hearings  has  grown  significantly  in  the  past  ten 
years.   The  past  decade  has  also  seen  growing  awareness  by  academics  . 
of  the  nonstationarity  of  the  least  squares  beta  as  estimated  in  the 
traditional  market  models. 

One  of  the  earliest  articles  to  speak  of  problems  in  beta- 
estimation  was  by  Brigham  and  Crum  (B-C)  [3].   The  authors,  focusing 
on  the  utility  industry  in  particular,  suggested  that  under  certain 
conditions  the  CAPM  probably  produces  downward-biased  betas,  and  hence 
cost  of  captial  estimates  that  are  too  low.   B-C  contended  that  the 
calculated  beta  coefficients  would  decline  whenever  a  company's  fun- 
damental risk  position  increased  at  a  time  of  a  rising  general  market 
if  investors  did  not  expect  earnings  to  rise  sufficiently  to  offset 
the  increase  in  risk.   Using  such  calculated  betas  as  a  risk  measure 
could  yield  conclusions  exactly  opposite  to  the  actual  facts.   Thus, 
historic  betas  do  not  necessarily  reflect  the  risks  inherent  in  util- 
ity stocks. 

Gilster  and  Linke  (G-L)  [8]  argued  that  the  size  and  closure  rate 
of  the  discrepancy  occuring  between  a  firm's  true  and  estimated  beta 
depend  on  the  correlation  between  changes  in  holding  period  returns 
due  to  changes  in  true  beta  and  changes  in  holding  period  returns  due 
to  all  other  causes.   They  claim  that  B-C  implicitly  assumed  a  per- 
fectly negative  correlation  between  single  period  returns  due  to 
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changes  in  true  beta  and  single  period  returns  due  to  all  other 
causes.   G-L  point  out  that  the  size  and  closure  of  the  discrepancy 
between  the  true  and  estimated  betas  depend  largely  on  this  correla- 
tion; if  it  is  positive,  then  the  estimated  beta  would  tend  to  rise 
above  the  true  value. 

C.  R.  Chen  [5]  tied  together  beta  stability  research  with  studies 
of  beta  determinants  by  using  the  random  coefficient  model  developed 
by  Theil  and  Mennes  [20],  extended  by  Hildreth  and  Houck  [9]  and 
applied  by  Fabozzi  and  Francis  [7]  and  Sunder  [19].   His  initial 
sample  of  100  public  utility  firms  included  51  with  significantly  ran- 
dom betas.   He  used  several  regressors,  namely  change  in  assets, 
change  in  dividends,  debt  to  asset  ratio,  inflation  rate  and  growth 
rate  in  real  GNP,  to  try  to  explain  beta  randomness.   Inflation  and 
GNP  growth  rates  were  most  influential  in  affecting  the  random  betas. 

Market  model  nonstationarity  as  pertaining  to  public  utilities  was 
studied  with  the  use  of  the  cusum  of  squares  technique  by  Roger  Bey 
[1].   Using  four  nonoverlapping  5-year  periods  over  1960-79,  he  found 
the  behavior  of  the  market  model  for  individual  securities,  utilities 
and  nonutilities  varied  widely  over  time  and  was  dependent  on  the  time 
period  studied.   While  market  model  nonstationarity  could  not  yet  be 
related  to  the  size  of  beta,  or  to  whether  the  security  was  a  utility 
or  nonutility,  the  length  of  holding  period  had  significant  impact  on 
the  presence  of  nonstationarity.   Daily  observations  were  more  nonsta- 
tionary  than  monthly  holding  periods. 
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The  purpose  of  this  study  is  to  investigate  the  nonstationarity  of 
return,  risk,  and  cost  of  capital  for  the  electric  utility  industry. 
Section  II  investigates  the  first  four  moments  of  rates  of  return 
(mean,  variance,  skewness  and  kurtosis)  for  a  sample  of  76  public  util- 
ity companies  over  each  of  five  5-year  periods  over  1960-83.   Section 
III  presents  estimates  of  each  firm's  systematic  risk  over  each  of  the 
5-year  periods.   Two  estimators,  the  traditional  ordinary  least 
squares  (OLS)  coefficient  and  an  alternative  Bayesian  Time-Varying 
beta  developed  by  Chen  and  Lee  [6],  are  compared.   The  risk-return 
trade-off  using  total,  diversif iable  and  systematic  risk  measures  as 
presented  by  Levy  [13]  is  shown  in  Section  IV  in  a  series  of 
regression  results.   Section  V  applies  the  OLS  and  Chen  and  Lee  beta 
estimators  to  calculate  each  firm's  cost  of  equity  capital  and  compare 
it  to  the  actual  historical  rate  of  return.   Final  remarks  are 
reserved  for  Section  VI. 

II.   Nonstationarity  in  Basic  Statistics 

Monthly  rates  of  return,  including  the  payments  on  ordinary  divi- 
dends, for  each  of  76  privately-owned  public  utility  companies  with 
stocks  traded  on  the  NYSE  were  collected  for  the  period 
January,  1960,  through  December,  1983,  via  the  CRSP  tapes.   Appendix  A. 
includes  names  and  abbreviations  of  these  firms.   The  abbreviations 
are  used  throughout  this  paper.   The  data  was  sorted  into  5  intervals 
covering  5  years  each:   1960-64,  1965-69,  1970-74,  1975-79,  1979-83. 
The  last  interval  overlapped  the  previous  interval's  final  year,  1979, 
owing  to  the  unavailability  of  the  1984  returns  at  the  time  of  this 
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writing.   A.s  such,  this  study  updates  Bey's  period  by  including  data 
during  the  recessionary  early  1980s. 

The  mean,  variance,  skewness  and  kurtosis  of  the  monthly  returns 
of  each  5-year  period  were  calculated  and  are  presented  in  Appendix  B. 
The  formulas  for  the  latter  two  statistics,  not  commonly  employed  in 
Finance  studies,  are 

skewness  =  moment  3/[V(R   )]  *  ,  and  (1) 

2 
kurtosis  =  moment  4/[V(R.  )]  (2) 

where    V(R.  )  =  variance  of  R. 
it  it 

Tests  were  conducted  on  the  skewness  and  kurtosis  coefficients  of 
each  company  to  determine  whether  rates  are  normally  distributed.   The 
approximate  standard  errors  used  in  the  t  test  of  these  coefficients, 
derived  in  Snedecor  and  Cochran  [18],  are 

s(skewness)  =  [6n(n-l )/(n-2)(n+l ) (n+3 ) ] l /2  =  0.3087,      (3) 
s(kurtosis)  =  [24n(n-l )2/(n-3)(n-2) (n+3) (n+5) ] l /2  =  0.6085,   (4) 
for  n  =  sample  size  =  60. 

The  results  are  listed  in  the  tables  in  Appendix  B  for  each  com- 
pany, and  in  Exhibit  1  for  each  5-year  period.   It  is  seen  that  even 
in  the  relatively  tranquil  1960-64  period,  no  fewer  than  about  14.5%  of 
all  utilities  had  significantly  skewed  distributions  of  returns,  and 
no  fewer  than  27.6%  of  the  sample  had  significant  kurtosis  in  any 
given  time  period.   There  appear  to  be  definite  cycles  of  less  and 
greater  variability  in  returns,  particularly  in  the  shift  between 
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1970-74  and  1975-79  and  between  1975-79  and  1979-83.   During  the  vola- 
tile 1975-79  period,  covering  the  OPEC  aftermath  and  the  repercussions 
of  Three-Mile-Island,  up  to  80%  of  the  utilities  had  decidedly  non- 
normal  distributions  of  returns. 

This  increase  in  non-symmetry  could  have  a  crucial  impact  on  the 
estimation  procedure  for  the  firms'  systmatic  risk.   If  returns  do  not 
follow  a  normal  distribution,  then  the  Brigham-Crum  assertion  about 
beta  biasedness  could  indeed  be  an  accurate  reflection. 


INSERT  EXHIBIT  1  HERE 


Exhibit  2  shows  the  mean  annualized  returns  over  each  of  the  5 
periods,  except  that  the  fourth  period  includes  returns  for  1975-78 
only.   The  fluctuation  in  mean  returns  per  company  from  one  period  to 
the  next  is  striking,  as  well  as  the  increased  variability  of  mean 
returns  among  firms  in  any  one  time  period.   The  standard  deviation 
for  the  sample  has  increased  from  around  3%  for  the  1960s  to  over  7% 
for  the  1980s,  showing  greater  variation  in  the  performance  of  individ- 
ual companies.   The  impact  of  this  increased  variability  on  systema- 
tic risk  estimation  may  be  crucial. 


INSERT  EXHIBIT  2  HERE 


III.   Comparison  of  Two  Estimators  of  Systematic  Risk 

The  non-risk  premium  and  risk  premium  forms  of  the  market  model 
are  given  bv 
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Rit  =  ai  +  6iRmt  +  £it'  (5) 

and  Rit  -  Rft  =  a.  +  B^-R^)  +  E±t,  (6) 

where  R.  ,  R   and  R,.   represent  rates  of  return  for  the  ith  security, 
it   mt      f  t  J 

the  market  index  and  the  risk-free  asset,  respectively,  and 
e.   represents  the  error  terras  of  either  regression. 

An  alternative  to  the  traditional  OLS  estimator  of  beta  is  the 
random  coefficient  estimator  developed  by  Chen  and  Lee  [6],   This 
Bayesian  approach  was  shown  by  the  authors  to  reduce  to  Vasicek's  [22] 
static  Bayesian  beta  under  certain  conditions.   The  derived  estimator 
can  be  used  to  investigate  the  existence  and  stochastic  nature  of 
nonstationarity  in  beta  and  their  implications  for  the  Bayesian 
adjustment  and  beta  forecasting. 

The  authors  used  the  CAPM  and  the  equation  for  beta  randomness  over 
time 


(YVt  =  MWt +  et  (7) 

Bt=80+ut  (8) 

2 
with  constant  mean  8n  and  variance  a    .   The  optimal  estimator  and  vari- 

U  u 

ance  of  B.  become,  respectively, 


>   Bo  +  YVt 

1  +  yxt 


2 


(9) 


*      t     1  >-l 


Var  (6  )  =  {-j+   -j-)   ,  (10) 

a  a 


e    u 
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where  Bn  and  y  are  maximum  likelihood  estimators  of  3n  and  y»  respec- 

2 

a 

tively,  with  y  =  ~~ T>  tne  ratio  of  the  variance  of  random  shocks  to  heta 
a 

e 

to  the  variance  of  market  model  residuals.   In  addition  X  =  R   -  R   , 

t    mt     ft 

the  excess  return  of  the  market  over  the  risk-free  rate  in  time  t,  and 

* 

Y^  =  R.,  -  R^,  the  security  i's  excess  return  in  time  t.   B._  is  a  con- 
t    jt    ft'  J    J  t 

sistent  and  efficient  estimator. 

This  derived  Bayesian  estimator  for  a  changing  beta  is  explicitly 
a  function  of  security  and  market  returns.   It  is  estimated  for  each 
time  period.   The  estimator  can  be  used  to  identify  the  behavior  of 
beta  in  response  to  prominent  changes  in  certain  economic  events  such 
as  uncertain  inflation,  interest  rate  fluctuation,  growth  rate  in  GNP, 
etc.   The  estimator  can  also  capture  fluctuations  in  current  market 
conditions  and  in  microeconomic  changes  in  the  firm. 

Exhibit  3  presents  OLS  betas  and  the  level  of  significance  of  the 
t  values,  not  shown  here.   The  alternative  random  beta  estimators  were 
calculated  for  each  of  60  months  for  each  firm.   The  mean  beta  and 
standard  error  are  listed  in  Exhibit  4  for  the  Chen  and  Lee  method. 
In  addition,  an  index  of  Uncertainty  (I.O.U.)  measure,  defined  by  Chen 
and  Lee  [6]  to  be  the  ratio  of  standard  deviation  over  mean  beta,  is 
inlcuded.   This  measure  is  identical  to  the  coefficient  of  variation, 
and  can  be  used  to  compare  the  two-moment  random  beta  distribution  of 
one  firm  to  another.   Appendix  C  presents  a  detailed  example  of  one 
firm's  60-month  time  series  of  random  betas.   To  estimate  these  betas 
the  value-weighed  index  from  CRSP  served  as  proxy  for  the  market's 


return,  and  Citibase  tapes  provided  data  on  monthly  levels  of  3-month 
Treasury  Bills,  the  risk-free  proxy. 


INSERT  EXHIBITS  3,  4  HERE 

Cursory  comparisons  of  the  OLS  beta  across  time  show  a  pronounced 
decline  in  value  for  the  latest  1979-83  period  for  the  large  majority 
of  firms.   Of  the  304  betas  listed  for  the  periods  1960-64  through 
1975-79  (4  betas  for  each  of  76  firms)  only  four  are  not  significant 
at  the  1%  level.   These  betas  are  still  significantly  different  from 
zero  at  the  5%  level,  however.   But  the  final  1979-83  period  estimates 
show  a  marked  decline  in  coefficient  and  t  values  of  the  betas.   Of 
the  76  firms  during  this  period,  28  have  betas  signficant  only  at  the 

5%  level,  3  have  betas  signifcant  at  the  10%  level,  and  4  betas  were 

« 

not  significant  even  at  10%.   Traditional  CAPM  theory  interprets  this 
as  resulting  from  a  decrease  in  the  systematic  risk  of  these  utilities 
vis-a-vis  the  market  portfolio.   The  correlation  between  the  security 
and  the  market  was  seen  to  have  decreased  in  the  latest  estimation 
period. 

In  the  face  of  financial  headlines  of  nuclear  power  plant  abandon- 
ments, increased  public  hostility  to  continued  rate  increases  and  the 
general  slowdown  in  economic  activity  during  the  latest  sample  period, 
it  is  likely  that  analysts  perceived  increased  systematic  risk  in  this 
industry.   The  OLS  beta  measure  may  have  embodied  a  specification 
error  here. 
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The  alternative  Chen  and  Lee  estimator  reveals  betas  comparable  in 
magnitude  to  the  OLS  betas.   Some  Bayesian  betas  were  lower,  others 
higher  than  their  OLS  counterparts.   But  these  betas  also  show  a 
decline  for  most  firms  during  the  1979-83  period. 

The  60-month  Bayesian  betas  of  the  1979-83  period  were  analyzed  for 
stationarity  and  autoregressive-moving  average  (ARIMA)  patterns  in  the 
univariate  technique  of  Box  and  Jenkins  [2].   Exhibit  5  shows  some 
results,  as  well  as  a  forecast  for  1984  beta. 

Each  beta  series  was  checked  for  stationarity.   Sufficient  random- 
ness in  the  series  precluded  the  need  for  any  differencing.   Using  the 
autocorrelation  (ACF)  and  partial  autocorrelation  (PACF)  functions, 
lags  were  identified.   Estimation  proceeded  via  the  Marquardt  Algorithm, 
as  explained  in  Box  and  Jenkins  [2],  Vandaele  [21],  and  others.   The 
identification  phase  of  ARIMA  involves  checking  for  specific  "spikes" 
in  the  ACF  and  PACF  correlations  which  exceed  the  95%  confidence 
interval  centered  around  zero,  at  each  lag.   The  number  of 
autoregressive  (AR)  or  moving  average  (MA)  terms  is  determined,  the 
preliminary  model's  residual  ACF  and  PACF  is  checked  for  the 
appearance  of  only  white  noise,  and  forecasting  proceeds  on  the  basis 
of  the  estimated  ARIMA  parameters.   Inadequately-identified  models  are 
signified  by  significant  residual  ACF  or  PACF  "spikes,"  and  such 
models  are  re-specified. 

Forty-three  of  76  companies'  models  from  the  Bayesian  estimator 
series  were  random  walk  (0,0,0)  structures.   The  best  forecast  of  such 
a  series  is  the  most  recently  observed  data  point.   Seven  models  were 
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autoregressive  types,  24  were  moving  average  types,  and  two  had  para- 
meters for  both.   Appendix  D  has  detailed  univariate  results  for  one 
firm,  Public  Service  Electric  &  Gas  Company  (PEG).   All  in  all,  about 
43%  of  the  utilities  investigated  (33  firms)  had  non-white-noise  pat- 
terns to  their  monthly  series  of  Chen  and  Lee  estimator  betas.   The 
ARIMA  procedure's  forceast  of  this  estimator's  beta  can  be  used  to 
obtain  the  cost  of  equity  capital  value  for  the  forecasted  period. 
But  before  doing  this,  an  investigation  of  the  risk-return  tradeoff 
between  utility  returns  and  total,  systematic  and  diversif iable  risk 
is  in  order. 


INSERT  EXHIBIT  5  HERE 


IV.   Risk-Return  Tradeoff 

If  the  traditional  CAPM  assumptions  of  perfect  indivisibility  of 
an  investment  and  the  absence  of  transactions  costs  in  the  stock 
market  hold,  each  investor  is  asserted  by  theory  to  hold  all  market 
securities  in  his  portfolio.   This  assumption  does  not  conform  to 
reality  well,  as  many  investors  hold  stock  of  only  one  firm,  and  most 
hold  stocks  of  no  more  than  3  firms.   Levy  [13]  derived  a  generalized 
CAPM  relaxing  the  perfect  market  assumption.   He  found  that  a  weighted 
average  of  each  k  investor's  systematic  risk  for  a  particular  security 

i  was  a  correct  measure  of  the  security's  risk.   And  since  the  toal 

2 
variance  (a.)  is  a  maior  component  of  the  k  investor's  systematic  risk 


.,  ,  it  plays  a  crucial  role  in  the  risk  measure  of  each  stock. 

lk        J 
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Levy  regressed  the  mean  excess  return  of  each  security  against 
various  combinations  of  total  risk,  systematic  risk,  and  diversif iable 
risk  measures.   He  found  better  performance  in  models  which  included 
the  total  risk  measure  than  those  with  systematic  risk,  and  concluded 

that  returns  and  beta  are  positively  correlated  because  beta  and 

2 
a.    are  positively  correlated,  and  beta  serves  as  a  proxy  for  the 

'•  ,  2 

true  risk  component  a.. 

Exhibit  6  lists  regression  results  for  these  seven  forms  for  each 
of  the  five  periods.   We  notice  first  the  extreme  performance  of  the 
overall  models  from  period  to  period.   The  test  for  overall  model 
goodness-of-f it  (F  test)  is  weak  for  1970-74  and  1979-83.   In  these 
periods  the  mean  returns  were  not  explained  well  by  either  total  risk 
(coefficient  a.),  diversif iable  risk  (a-)  or  systematic  risk  as 
measured  by  OLS  (a-).   The  Chen  and  Lee  beta  estimator  affect  (a.)  was 
fairly  strong  during  1960-64,  but  not  during  the  1970-74  and  1979-83 
periods  of  bad  fit. 

During  1965-69  the  models  exhibited  significant  fit  but  most  of 
the  explanatory  power  for  mean  returns  rested  in  the  total  and  diver- 
sifiable  risk  measures.   The  only  significant  beta  coefficient  terms 
are  found  for  forms  (1 1.4a)  and  (11.4b),  where  systematic  risk  is  the 
only  independent  variable  used. 

The  risk-return  models  for  levy  can  be  applied  here  to  compare  the 
explanatory  power  of  the  OLS  and  Chen  and  Lee  Beta  estimators. 
Different  forms  of  this  tradeoff  were  tested,  as  noted  in  Levy  [13]. 
These  are 
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R.  =  A  +  A.a2  (11.1) 

1     o     1  1 

—  2 

R.  =  A  +  A.a.  +  A. 6. .  (11.2a,b) 

1    o    1  i    i  ij 

R~.  =  A  +  A„a   +  A. 6.  .  (11.3a,b) 

i    o    2  e    j  ij  ' 

R.  =  A  +  A.0. .,  (11.4a,b) 

1     o     -]  lj  ' 

where  R.  =  mean  annualized  return  of  firm  i, 

2 
a.    =  annualized  total  variance  of  firm  i, 

i 

2 
a   =  residual  variance  of  firm  i's  market  model  regression, 
z 

6..  =  firm  i's  beta,  where  j  =  3  =  OLS  estimator  and  j  =  4  =  Chen  and 
Lee  estimator. 


For  1975-79,  meanwhile,  the  OLS  estimator  of  systematic  risk  is 
more  significant  than  either  total  or  diversif iable  risk  measures,  and 
outdoes  the  Chen  and  Lee  estimator  coefficient  a,.   The  latter  does 

poorly  as  sole  regessor  in  form  (11.4b) 

All  in  all,  it  appears  that  the  lack  of  normality  in  utility  com- 
pany returns  is  reflected  in  poor  fits  of  the  Levy  equations  for  most 
periods.   For  one  period  of  good  fit,  the  explanatory  power  resides  in 
nonsystematic  components  of  risk,  and  in  the  other  period,  in  the 
systematic  component.   The  performances  of  the  OLS  and  Chen-Lee  esti- 
mators appear  to  be  comparable. 


INSERT  EXHIBIT  6  HERE 


V.   Comparing  Cost  of  Capital  Estimates 

The  implications  of  the  reduced  betas  for  the  most  recent  period 
are  obvious  for  cost  of  capital  estimates  of  these  utilities.   Exhibit  7 
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compares  the  cost  of  capital  estimates  based  on  the  two  estimators  of 
beta  for  1979-83.   The  Bayesian  estimator's  cost  of  capital  is  derived 
from  the  1984  Box-Jenkins  prediction  of  beta.   The  OLS  estimator's 
cost  of  capital  is  based  on  the  1979-83  market  model  results.   In  each 
case  current  assumptions  of  a  9%  risk-free  rate  and  6%  market  risk 
premium  were  used.   These  parameter  values  are  reasonably  consistent 
with  the  value  line  model  estimates  for  Dow  Jones  Electrics  and  the 
relationships  between  risk-free  rate  and  risk  premium  as  studied  by 
Brigham,  Shome  and  Vinson  [4]. 

The  two  estimates  of  k  are  compared  to  each  utility's  mean 
annualized  return  over  the  entire  24-year  period.   Alpha  measures  of 
differences  between  the  historical  and  estimated  returns  are  also  pre- 
sented, along  the  lines  of  Roll  and  Ross  [16]. 

The  results  show  that  47  of  the  76  firms  had  higher  cost  of  capital 
estimates  using  the  Chen  and  Lee  estimator.   Twenty-one  others  had  lower 
estimates  with  the  Bayesian  estimator,  and  eight  firms  showed  identical 
cost  of  capital  measures  from  both  methods.   Only  two  of  the  firms  had 
greater  than  one  percent  differences  between  estimates. 

The  Chen-Lee  beta  resulted  in  k   estimates  higher  than  the 

historical  returns  for  50  firms,  while  the  OLS  beta  over-estimated 

k   for  47  companies.   All  in  all,  both  beta  estimators  yielded  similar 

cost  of  equity  capital  values,  with  only  a  0.14%  difference  between 

them  for  each  firm,  on  average. 

Comparable  k  estimates  for  the  1960-74  periods  are  not  shown 
e 

here,  but  they  tend  to  fluctuate  cyclically  with  the  beta  estimates. 
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INSERT  EXHIBIT  7  HERE 


VI.   Summary  and  Conclusions 

The  role  of  beta  is  central  to  the  cost  of  capital  estimation  in 
the  CAPM  context.   A  downward  bias  in  the  beta  estimate  using  the  tra- 
ditional OLS  coefficient  model  will  result  in  an  inadequate  cost  of 
capital  estimate. 

It  seems  implausible  that  utility  company  systematic  risk  has 
decreased,  as  implied  by  traditional  OLS  beta  estimation,  in  the  face 
of  recent  difficulties  with  energy  costs,  financing  large  nuclear  power 
plants,  and  the  general  economic  downturn  experienced  during  the  period 
of  this  study. 

In  seeking  reasons  for  the  discrepancies  between  random  and  OLS 
beta  estimates  one  is  led  to  the  Brigham  and  Crum  [3]  assertion.   As 
investors  perceive  that  a  troubled  utilitv's  expected  returns  will  not 
rise  to  compensate  for  the  increase  in  systematic  risk,  their  actions 
will  result  in  a  lower  security  price.   The  resulting  lower  holding 
period  rate  of  return  would  tend  to  reduce  the  covariance  of  returns 
between  the  security  and  the  market  index.   The  biased  value  of  beta 
would  be  lower,  and  would  yield  lower  cost  of  capital  estimates,  than 
the  risk  class  of  the  utility  would  warrant. 

The  alternate  Bavesian  approach  to  beta  estimation,  the  Chen  and 
Lee  method,  resulted  in  cost  of  capital  rates  somewhat  higher  than  those 
from  the  OLS  approach,  though  the  differences  were  not  very  large  for 
the  most  part. 
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In  a  wider  context  the  results  in  this  paper  can  be  used  to 
bolster  the  argument  for  a  nonlinear  CAPM.   C.  F.  Lee  [11]  found  that 
a  large  number  of  securities  and  portfolios  should  use  a  nonlinear 
form  of  CAPM  to  improve  the  explanatory  power  of  capital  asset 
pricing.   Even  though  the  linearity  assumption  of  CAPM  cannot  be 
rejected,  the  observed  functional  form  of  CAPM  can  be  nonlinear. 

Kraus  and  Litzenberger  [10]  incorporated  skewness  in  a  three 
moment  valuation  model,  and  refuted  the  usefulness  of  quadratic  util- 
ity as  a  basis  for  positive  valuation  theory.   Prior  negative  studies 
of  CAPM,  including  this  one,  may  have  resulted  not  so  much  from 
restrictions  on  riskless  borrowing  or  divergent  borrowing  and  lending 
rates,  but  rather  from  misspecif ication  of  the  CAPM  by  the  omission  of 
systematic  skewness.   In  addition  to  the  preference  for  return  and 
aversion  to  risk,  investers  prefer  positive  skewness  of  returns, 
dislike  negative  skewness  and  dislike  kurtosis.   More  research  using 
higher  moment  CAPM  is  necessary. 


Exhibit  1 
NUMBER  OF  SIGNIFICANT  COEFFICIENTS  FOR  SKEWNESS  AND  KURTOSIS 

SKEWNESS 


Period 

1%  Level 

5% 

Level 

10% 

Level 

1960-64 

3 

3 

5 

1965-69 

16 

9 

11 

1970-74 

10 

7 

4 

1975-79 

51 

5 

3 

1979-83 

9 

13 

8 

Total  (%   of  Sample) 

11  (14.5%) 
36  (47.4%) 
21  (27.6%) 
59  (77.6%) 
30       (39.5%) 


KURTOSIS 


Period 

i: 

X    Level 

5% 

Level 

1C 

1%  Level 

1960-64 

15 

5 

4 

1965-69 

14 

5 

2 

1970-74 

18 

5 

3 

1975-79 

55 

3 

3 

1979-83 

19 

8 

6 

Total  (1%  of  Sample) 

24  (31.6%) 
21  (27.6%) 
26  (34.2%) 
61  (80.3%) 
33      (43.4%) 


Exhibit  2 
ANNUALIZED  MEAN  RETURNS 


Company 

1960-64 

1965-69 

1970-74 

1975-78 

1979-83 

AYP 

0.1529 

0.0001 

0.0054 

0.1765 

0.2710 

AEP 

0.1919 

-0.0146 

-0.0457 

0.2342 

0.1002 

ANR 

0.2114 

-0.0092 

0.1068 

0.1420 

0.1890 

ATE 

0.1674 

-0.0351 

-0.0137 

0.2119 

0.1940 

BGE 

0.1328 

0.0209 

-0.0510 

0.2493 

0.1932 

BSE 

0.2006 

-0.0181 

-0.044-3 

0.2635 

0.1799 

BU 

0.1370 

-0.0244 

-0.0539 

0.2694 

0.2508 

CPL 

0.2387 

-0.0030 

-0.1061 

0.3371 

0.1367 

CSR 

0.1494 

0.0080 

0.0358 

0.1136 

0.1830 

CNH 

0.2047 

-0.0549 

-0.0231 

0.2546 

0.1741 

CER 

0.1858 

0.0036 

-0.0364 

0.2116 

0.2119 

CIP 

0.1853 

-0.0189 

-0.0354 

0.2108 

0.1934 

CIN 

0.1970 

0.0135 

-0.0105 

0.2031 

0.0606 

CVX 

0.1495 

0.0128 

0.0232 

0.1284 

0.1793 

CG 

0.1597 

0.0165 

0.0616 

0.1461 

0.1823 

CWE 

0.2010 

-0.0200 

0.0016 

0.1480 

0.1485 

ED 

0.1642 

-0.0652 

-0.0887 

0.5026 

0.3071 

CNG 

0.1410 

•   -0.0094 

0.0576 

0.2747 

0.2468 

CMS 

0.2072 

-0.0225 

-0.1258 

0.4017 

0.0603 

DPL 

0.2080 

0.0024 

-0.0432 

0.1748 

0.1302 

DEW 

0.1484 

-0.0147 

-0.0468 

0.2179 

0.2293 

DTE 

0.1718 

-0.0479 

-0.0875 

0.3036 

0.1583 

DQU 

0.1495 

-0.0227 

-0.0462 

0.1821 

0*.  1349 

EDE 

0.2277 

-0.0017 

-0.0126 

0.1673 

0.1955 

ENS 

0. 1181 

0.0020 

0.1760 

0.0926 

0.2737 

EOT 

0. 1103 

-0.0004 

0.0117 

0.2242 

0.4973 

FPL 

0.1125 

0.0146 

-0.0630 

0.2539 

0.2141 

GPU 

0.1638 

-0.0267 

-0.0504 

0.2819 

-0.0473 

GSU 

0.1413 

0.0433 

-0.0245 

0.1334 

0. 1641 

JOU 

0.2250 

-0.0172 

-0.0307 

0.1560 

0.1372 

IDA 

0.1569 

0.0117 

0.0183 

0.1039 

0.2065 

IPC 

0.2050 

0.0066 

-0.0343 

0.2013 

0.1173 

IPW 

0.1624 

-0.0551 

0.0174 

0.1628 

0.1949 

IEL 

0.1794 

-0.0506 

-0.0533 

0.3112 

0.1575 

IWG 

0.1970 

-0.0446 

-0.0381 

0.3140 

0.1956 

KLT 

0.2051 

-0.0111 

-0.0225 

0.1831 

0.1807 

KGE 

0.1504 

-0.0329 

-0.0407 

0.2414 

0. 1412 

LG 

0.1246 

0.0126 

-0.0096 

0.2347 

0.2683 

LIL 

0.2115 

-0.0250 

-0.0569 

0.2861 

0.0473 

LOU 

0. 1881 

0.0148 

-0.0343 

0. 1601 

0. 1667 

MSU 

0.1747 

0.0372 

-0.0011 

0. 1516 

0.1209 

MPL 

0.1546 

0.0133 

0.0163 

0. 1964 

0.2074 

MPV 

0.1395 

0.0275 

-0.0888 

0.2460 

0.2748 

MDK 

0. 1197 

-0.0053 

0.0639 

0.1554 

0.2474 

MTP 

0.1832 

-0.0369 

0.0444 

0.0745 

0.2118 

NFG 

0.1201 

0.0044 

0.0398 

0.2129 

0.2061 

Exhibit  2 
( Continued) 


ANNUALIZED  MEAN  RETURNS 


Company 

1960-64 

1965-69 

1970-74 

1975-78 

1979-83 

NES 

0.1336 

0.0070 

-0.0000 

0.2711 

0.2747 

NGE 

0.1681 

-0.0204 

-0.0194 

0.2345 

0.1793 

NMK 

0.1397 

-0.0390 

-0.0411 

0.2845 

0.1709 

NSP 

0.1624 

-0.0519 

0.0214 

0.2176 

0.2339 

OEC 

0.2074 

0.0219 

-0.0481 

0.1877 

0.1158 

PGE 

0.2061 

-0.0066 

0.0583 

0.0938 

0.1909 

PCG 

0.1534 

0.0470 

-0.0033 

0.1327 

0.1999 

PLT 

0.1070 

0.0132 

-0.0155 

0.2230 

0.2589 

PPL 

0.1396 

-0.0298 

0.0009 

0.1685 

0.1713 

PE 

0.1235 

-0.0211 

-0.0471 

0.2307 

0.1399 

POM 

0.1805 

-0.0422 

0.0325 

0.2063 

0.2417 

PSR 

0.1887 

-0.0371 

0.0052 

0.1988 

0.1585 

PIN 

0.2269 

0.0170 

0.0518 

0.1620 

0.0050 

PEG 

0.2204 

-0.0203 

-0.0668 

0.2989 

0.1732 

PSD 

0.1012 

0.0133 

-0.0026 

0.2721 

0.1041 

RGS 

0.1664 

0.0936 

-0.0753 

0.3113 

0.1539 

SDO 

0.1558 

0.0854 

-0.0625 

0.2245 

0.2050 

SCG 

0.1825 

0.0253 

-0.0846 

0.2890 

0.1525 

SJI 

0.1553 

0.0038 

-0.0743 

0.3206 

0.1921 

SCE 

0.1947 

0.0143 

-0.0066 

0.2153 

0.2270 

SO 

0.1580 

0.0662 

-0.1109 

0.2532 

0.1934 

SPS 

0.1822 

-0.0637 

0.0375 

0.2253 

0.2186 

TXU 

0.1438 

0.0213 

0.0246 

0.0653 

0.1595 

TED 

0.2166 

0.0404 

-0.0196 

0.1955 

0.1068 

UGI 

0.1326 

0.0361 

-0.0439 

0.2849 

0.1437 

UTP 

0.0940 

-0.0004 

0.0142 

0.2412 

0.1887 

WGL 

0.1368 

-0.0145 

-0.0238 

0.3293 

0.2550 

WWP 

0.0968 

0.0091 

0.0396 

0.1701 

0.1146 

WPC 

0.1446 

0.0094 

0.1000 

0.1319 

0.2255 

WPS 

0.1532 

0.0005 

0.0258 

0.2240 

0.2251 

Mean 

0.16581 

-0.00520 

-0.01413 

0.21802 

0.18259 

St.D. 

0.03494 

0.02809 

0.05241 

0.07478 

0.07208 

Exhibit  3 
RESULTS  OF  OLS  BETAS,  ALL  PERIODS 


Company       1960-64   Beta3   1965-69   Beta3   1970-74   Beta3   1975-79   Beta3   1979-83   Beta 


AYP 

0.76 

0.48 

0.88 

0.84 

0.41a 

AEP 

0.87 

0.85 

0.74 

0.71 

0.36a 

ANR 

0.76 

0.79 

0.68 

0.66 

0.98a 

ATE 

0.69 

0.78 

0.47 

1.05 

0.48a 

BGE 

0.91 

0.63 

0.54 

0.79 

0.26c 

BSE 

0.45 

0.59 

0.52 

0.78 

0.27b 

BU 

0.64 

0.47 

0.38 

0.75 

0.34b 

CPL 

0.77 

0.63 

0.64 

1.13 

0.26b 

CSR 

0.84 

0.69 

1.16 

0.55 

0.28b 

CNH 

0.64 

0.37 

0.49 

0.67 

0.29b 

CER 

0.82 

0.73 

0.55 

0.77 

0.46a 

CIP 

0.70 

0.69 

0.50 

0.80 

0.34b 

CIN 

0.90 

0.81 

0.49 

0.68 

0.40b 

CVX 

0.68 

0.51 

0.48 

0.77 

0.46a 

CG 

0.65 

0.40 

0.67 

0.60 

0.64a 

CWE 

0.66 

0.63 

0.84 

0.74 

0.27b 

ED 

0.58 

0.47 

0.56 

1.12 

0.19 

CNG 

0.59 

0.62 

0.39 

0.89 

0.80a 

CMS 

0.69 

0.68 

0.59 

1.05 

0.34b 

DPL 

0.80 

1.00 

0.39 

0.78 

0.37a 

DEW 

0.90 

0.83 

0.73 

0.75 

0.27b 

DTE 

0.63 

0.51 

0.56b 

0.98 

0.42a 

DQU 

0.55 

0.28 

0.46 

0.85 

0.44a 

EDE 

0.68 

0.59 

0.25b 

0.57 

0.35b 

ENS 

0.52 

0.95 

1.02 

0.63 

1.26a 

EQT 

0.52 

0.47 

0.64 

0.82 

0.88a 

FPL 

1.22 

0.68 

0.85 

0.96 

0.23b 

GPU 

0.80 

0.87 

0.72 

0.97 

1.16a 

GSU 

0.71 

0.70 

1.09 

0.71 

0.55a 

HOU 

1.00 

0.73 

1.02 

0.76 

0.43a 

IDA 

0.63 

0.50 

0.59 

0.52 

0.39a 

IPC 

0.76 

0.50 

0.76 

0.86 

0.37b 

IPW 

0.48 

0.43 

0.49 

0.61 

0.21c 

I  EL 

0.74 

0.70 

0.47 

1.07 

0.48a- 

IWG 

0.43 

0.51 

0.48 

0.97 

0.35a 

KLT 

0.67 

0.35b 

0.67 

0.75 

0.42a 

KGE 

0.74 

0.80 

0.66 

0.78 

0.46a 

LG 

0.78 

0.45 

0.48 

0.69 

0.70a 

LIL 

0.58 

0.56 

0.61 

0.93 

0.28b 

LOU 

0.90 

0.51 

0.59 

0.62 

0.35a 

MSU 

0.83 

1.08 

1.03 

0.63 

0.31b 

MPL 

0.43 

0.86 

0.67 

0.54 

0.35a 

MPV 

0.58 

0.76 

0.53 

0.75 

0.37b 

MDK 

0.45 

0.93 

0.63 

0.60 

0.53a 

MTP 

0.76 

0.69 

0.54 

0.72 

0.80a 

Exhibit  3 
( Continued) 

Company   1960-64  Beta3  1965-69  Beta3  1970-74  Beta3  1975-79  Beta3  1979-83  Beta 


NFG 

0.62 

0.42 

0.46 

0.69 

0.69a 

NES 

0.62 

0.55 

0.66 

0.85 

0.38a 

NGE 

0.73 

0.56 

0.68 

0.84 

0.36a 

NMK 

0.62 

0.43 

0.49 

0.65 

0.37a 

NSP 

0.55 

0.32 

0.60 

.0.92 

0.27b 

OEC 

0.74 

0.49 

0.51 

0.79 

0.46a 

OGE 

0.74 

0.65 

0.77 

0.85 

0.34b 

PCG 

0.87 

0.73 

0.77 

0.43 

0.15 

PLT 

0.52 

0.63 

0.52 

0.51 

0.42a 

PPL 

0.71 

0.54 

0.61 

0.64 

0.39b 

PE 

0.64 

0.46 

0.56 

0.69 

0.44a 

POM 

1.02 

0.63 

0.41 

0.71 

0.29b 

PSR 

0.82 

0.82 

0.51 

0.87 

0.46a 

PIN 

0.81 

0.69 

0.95 

0.82 

0.32c 

PEG 

0.68 

0.66 

0.63 

0.99 

0.34b 

PSD 

0.46 

0.70 

0.53 

0.79 

0.24b 

RGS 

0.90 

0.85 

0.51 

0.86 

0.30b 

SDO 

0.70 

0.59 

0.75 

0.68 

0.43a 

SCG 

0.81 

0.65 

1.24 

0.96 

0.32b 

SJI 

0.86 

0.30 

0.29b 

1.12 

0.50a 

SCE 

0.85 

0.85 

0.95 

0.62 

0.27b 

SO 

0.87 

0.90 

0.78 

0.67 

0.37a 

SPS 

0.76 

0.73 

0.69 

0.63 

0.38a 

TXU 

0.88 

0.60 

0.72 

0.76 

0.26b 

TED 

0.78 

0.73 

0.75 

0.71 

0.41a 

UGI 

0.75 

0.65 

0.81 

0.88 

1.05a 

UTP 

0.58 

0.63 

0.69 

0.64 

0.36 

WGL 

0.76 

0.29 

0.14 

0.90 

0.27 

WWP 

0.65 

0.49 

0.30 

0.46 

0.20b 

WPC 

0.84 

0.70 

0.56 

0.52 

0.11 

WPS 

0.68 

0.41 

0.28 

0.50 

0.31b 

0.42 
Mean         0.72  0.63  0.63  0.76 

Source:   CRSP  Monthly  Data  on  Security  and  Market  Returns, 
t  value  significant  at  1%  level. 

t  value  significant  at  5%  level. 

c 
t  value  significant  at  10%  level. 

NOTE:   All  Betas  in  columns  1960-64  through  1975-79  had  t  values  significant 
at  the  1%  level,  except  for  four  firms,  (ED,  EDE  and  SJI  in  1970-74 
and  KLT  in  1965-69)  which  had  lower  significance  levels,  as  noted 
in  the  table.   Individual  firm  betas  are  superscripted  in  the  1979-83 
column. 


Exhibit  4 
MEAN,  STANDARD  DEVIATION  RESULTS  OF  CHEN  AND  LEE  METHOD  BETAS,  .ALL  PERIODS 
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► 

1965-69 

1970-74 
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Sb 

Beta 

Sb 

Beta 

c 

Beta 

Sb 
0.45 

Beta 

Q 

Company 

Mean 
0.87 

IOU 
0.60 

Mean 
0.45 

IOU 
0.36 

Mean 
0.99 

bb 

IOU 
0.65 

Mean 
0.72 

IOU 
0.63 

Mean 

0.43 

bb 

IOU 

AYP 

0.52 

0.16 

0.64 

0.08 

0.  19 

AEP 

0.91 

0.06 

0.07 

0.72 

0.62 

0.86 

0.87 

0.32 

0.37 

0.56 

0.51 

0.91 

0.35 

0.01 

O.08 

ANR 

0.69 

0.30 

0.43 

0.77 

0.04 

0.05 

0.56 

0.67 

1.20 

0.77 

0.56 

0.73 

1.04 

0.70 

0.67 

ATE 

0.57 

0.55 

0.96 

0.75 

0.62 

0.82 

0.41 

0.38 

0.93 

0.99 

0.16 

0.  16 

0.47 

0.11 

0.23 

BGE 

1.05 

0.49 

0.47 

0.59 

0.56 

0.95 

0.53 

0.64 

1.21 

0.76 

0.09 

0.  12 

0.32 

0.75 

2.34 

BSE 

0.55 

0.10 

0.  18 

0.50 

0.49 

0.98 

0.58 
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1.43 

0.59 

0.60 

1.02 

0.40 

0.58 

1.45 

BU 

0.56 

0.59 

1.05 

0.48 

0.40 

0.83 

0.44 

0.16 

0.36 

0.53 

0.51 

0.96 

0.37 

0.07 

0.  18 

CPL 
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0.34 

0.40 

0.64 

0.05 
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0.69 

0.28 

0.41 

0.95 

0.70 

0.74 

0.31 

0.65 

2.  10 

CSR 

0.95 

0.60 

0.63 

0.69 

0.09 

0.  13 

0.94 

0.21 

0.22 

0.61 

0.15 

0.25 

0.36 

0.69 

1.92 

CNH 

0.66 

0.18 

0.27 

0.12 

0.55 

4.58 

0.65 

0.58 

0.89 

0.54 

0.51 

0.94 

0.34 

0.61 

1.79 

CER 

0.87 

0.66 

0.75 

0.53 

0.56 

1.06 

0.57 

0.66 

1.15 

0.56 

0.47 

0.84 

0.48 

0.11 

0.23 

CIP 

0.81 

0.46 

0.57 

0.59 

0.61 

1.03 

0.60 

0.22 

0.37 

0.41 

0.55 

1.34 

0.34 

0.11 

0.32 

CIN 

1.04 

0.58 

0.56 

0.73 

0.59 

0.81 

0.54 

0.13 

0.24 

0.66 

0.13 

0.20 

0.39 

0.01 

0.03 

cvx 

0.62 

0.21 

0.34 

0.51 

0.00 

0.00 

0.55 

0.30 

0.55 

0.67 

0.16 

0.24 

0.49 

0.06 

0.12 

CG 
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0.09 

0.13 

0.31 

0.39 

1.26 

0.68 

0.29 

0.43 

0.41 

0.63 

1.54 

0.56 

0.62 

1.11 

CWE 
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0.45 

0.56 

0.64 

0.14 
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0.18 
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0.01 
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0.52 

ED 

0.66 
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0.45 

0.67 

0.13 

0.19 

0.80 
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0.89 

0.26 

0.15 

0.58 

CNG 
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0.56 
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0.56 

0.36 

0.64 

0.50 

0.66 

1.32 

0.90 

0.07 
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0.83 
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0.34 
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0.24 

0.30 

0.66 

0.25 
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0.15 
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0.67 

0.96 

0.32 

0.67 
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0.13 
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1.02 

0.54 
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0.62 
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0.02 
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0.55 

0.44 

0.80 
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0.09 

0.20 

EDE 

0.76 

0.14 
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\'ote*  10"  - 

Sb 

=  Coe 

fftctent  of  variation. 

Beta  Mean 

Source:   CRSP  Monthly  Data  on  Security  and  Market  Returns. 


Exhibit  5: 


UNIVARIATE  ARIMA  MODEL  RESULTS 
FOR  CHEN  AND  LEE 

RANDOM  BETA  COEFFICIENTS,  1979-83 
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0.35 
1.07 
0.47 
0.32 
0.40 
0.37 
0.34 
0.41 
0.34 
0.48 
0.34 
0.39 
0.49 
0.56 
0.29 
0.27 
0.83 
0.32 
0.43 
0.34 
0.41 
0.44 
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0.48 
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0.47 
0.43 
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0.47 
0.30 
0.38 
0.41 
0.57 


Exhibit  5 
(Continued) 
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0,1) 

(0, 

0,2) 

(0, 

0,0) 

(0, 

0,1) 

(0, 

0,1) 

(o, 

0,3) 

(0, 

0,0) 

(0, 

0,0) 

(2, 

0,0) 

L=6 
L=3,6 
L=12,3 

L=9 


L=13 

L=l 

L=2 

L=4,6,7 

L=l 
L=9,3,ll 

L=4 

L=12 

L=10,15 

L=3 

L=7 

L=3 
L=3,9 

L=4 

L=6 

L=6,8,12 


L=3,14 


Beta  Forecast, 
1984 

0.81 
0.82 
0.34 
0.36 
0.39 
0.31 
0.51 
0.34 
0.15 
0.54 
0.37 
0.41 
0.24 
0.47 
0.21 
0.41 
0.29 
0.34 
0.45 
0.17 
0.46 
0.30 
0.39 
0.31 
0.27 
0.41 
0.87 
0.42 
0.37 
0.20 
0.19 
0.32 


Source:   CRSP  Data  to  Estimate  Chen  and  Lee  Beta. 

**P  =  Number  of  Autoregressive  Terms 
D  =  Degree  of  Differencing 
Q  =  Number  of  Moving  Average  Terms 

*For  models  with  both  P  and  Q  parameters  present, 
lags  are  listed  for  all  P  terms,  then  for  all  Q 
terms,  respectively. 


Exhibit  6 


GENERALIZED  CAPM  REGRESSIONS,  ALL  TIME  PERIODS 
(t  values  in  parentheses) 


1960-64 

Form 

11.1 

11. 2a 

11.2b 

11.3a 

11.3b 

11.4a 

11.4b 


ao 

al 

a2 

a3 

a4 

R2 

F 

.141 

.854 

.04 

3.19c 

(9.87)a 

(1 

.79)c 

.128 

.409 

.036 

.05 

2.03 

(6.49)a 

(0 

.61) 

(0.94) 

.111 

.212 

.063 

.09 

3.82b 

(5.54)a 

(0, 

.38) 

(2.08)b 

.124 

6, 

.55 

.043 

.06 

2.  19 

(6.02)a 

(0, 

,82) 

(1.46) 

.106 

6. 

,44 

.064 

.10 

4.15b 

(4.98)a 

(0. 

,86) 

(2.44)b 

.129 

.052 

.05 

3.73° 

(6.53)a 

(1.93)C 

.113 

.070 

.09 

7.59a 

(5.71)3 

(2.76)a 

Exhibit  6 
(Continued) 


GENERALIZED  CAPM  REGRESSIONS,  ALL  TIME  PERIODS 
(t  values  in  parentheses) 


1970-74 

A  A  A  A  A 

2 
Form         an  a,  a„  a0  a.        R       F 

2  3  4 

11.1        -.006        -.163  .005  0.37 


11.2a        -.028        -.619  .070  .04    1.68 


11.2b        -.0009       -.096  -.013      .006   0.22 


11.3a        -.019  -8.17         .046  .05    1.90 


ao 

*1 

-.006 

-, 

.163 

(-0.43) 

(0, 

.61) 

-.028 

- 

.619 

(-1.48) 

(1. 

.66)C 

-.0009 

- 

.096 

(-0.04) 

(-o, 

.26) 

-.019 

(-0.95) 

.003 

(0.14) 

-.028 

(-1.48) 

.00009 

(0.004) 

.070 

(1.73)C 

-.013 
(-0.27) 

-8.  17 

.046 

(1.78)C 

(1.46) 

-5.23 

-.003 

(-1.12) 

.023 
(0.78) 

(-0.08) 

11.3b         .003  -5.23  -.003      .02   0.82 

(0.14)  (-1.12)  (-0.08) 

11.4a        -.028  .023  .008   0.61 

(-1.48)  (0.78) 

11.4b         .00009  -.022      .005   0.38 

(-0.61) 


Exhibit  6 
(Continued) 


GENERALIZED  CAPM  REGRESSIONS,  ALL  TIME  PERIODS 
(t  values  in  parentheses) 


1975-79  • 

Form 

ao 

al 

a2 

a3 

a4 

R2 

F 

11.1 

.089 
(4.38)a 

2. 
(5. 

,233 
,12)a 

.26 

26. 17a 

11.2a 

.037 
(1.10) 

(1. 

L.  14 

,58) 

.130 
(1.86)C 

.29 

15.24a 

11.2b 

.128 
(4.59)a 

(5. 

>.76 
,51)a 

-.097 
(-2.01)b 

.30 

15.65a 

11.3a 

.022 
(0.67) 

12. 
(1. 

.30 
.42) 

.175 
(3.39)a 

.29 

14.91a 

11. 3b 

.124 
(4.02)a 

31. 
(3, 

,57 
,92)a 

-.028 
(-0.58) 

.18 

8.11a 

11.4a 

.020 
(0.61) 

.219 
(5.24)a 

.27 

27.45a 

11.4b 

.161 
(4.98)a 

.041 
(0.84) 

.01 

0.71 

Exhibit  6 
(Continued) 


GENERALIZED  CAPM  REGRESSIONS,  ALL  TIME  PERIODS 
(t  values  in  parentheses) 


1979-83 

A  A  A  A  A 

Form  an  a,  a„  a„  a.  .     R  F 
0                            12                          3                          4 

11.1  .175  .178 

(11.83)a 
11.21  .171  .093  .019  .007      0.27 


< 

*1 

.178 

(0. 

,62) 

I 

.093 

(0. 

,26) 

< 

,109 

(0. 

,30 

(9,17)a  (0.26)  (0.39) 

11.2b  .159  -.109 

(8.25)a  (0.30  (1.24) 

11.3a  .170  1.26  .021  .008      0.28 

c 

(8.80)a  (0.29)  (0.49) 

11.3b  .159  -.408  .055  .02        0.93 

(8.04)a  (-0.09)  (1.24) 

11.4a  .171  .027  .006      0.48 

(9.40)a  (0.69) 

11.4b  .159  .053  .02         1.87 

(8.30)a  (1.37) 

3  1%  level 
b  5%  level 
C  10%  level 


Exhibit    7 


COST   OF   CAPITAL    ESTIMATES    (ALL    NUMBERS    IN    Z) 
(Risk-Free    Rate    =  97.,    Market    Risk    Premium   =   6%) 


Actual 

Via  Chen- 

Via  OLS 

Alpha  1 

Alpha  2 

Alpha  3 

Mean 

Lee  ARIMA 

Beta 

■  Actual 

=  Actual 

■  Chen- 

Return 

1984  Beta 

1979-83 

Minus 

Minus 

Lee  Minus 

Company 

1960-83 
12.12 

Forecast 
11.58 

Est  iraate 
11.46 

Chen-Lee 
0.54 

OLS 

OLS 

AYP 

0.66 

0.12 

AEP 

9.32 

11.  10 

11.16 

-1.78 

-1.84 

-0.06 

ANR 

12.80 

15.42 

14.88 

-2.62 

-2.08 

0.54 

ATE 

10.49 

11.82 

11.88 

-1.33 

-1.39 

-0.06 

BGE 

10.91 

10.92 

10.56 

-0.01 

0.35 

0.36 

BSE 

11.63 

11.40 

10.62 

0.23 

1.01 

0.78 

BU 

11.58 

11.22 

11.04 

0.36 

0.54 

0.18 

CPL 

12.07 

11.04 

10.56 

1.03 

1.51 

0.48 

CSR 

9.80 

11.46 

10.68 

-1.66 

-0.88 

0.78 

CNM 

11.11 

11.04 

10.74 

0.07 

0.37 

0.30 

CER 

11.47 

11.88 

11.76 

-0.4L 

-0.29 

0.12 

CIP 

10.71 

11.04 

11.04 

-0.33 

-0.33 

0.00 

CIN 

9.28 

11.34 

11.40 

-2.06 

-2.12 

-0.06 

CVX 

9.87 

11.94 

11.76 

-2.07 

-1.89 

0.18 

CG 

11.33 

12.36 

12.84 

-1.03 

-1.51 

-0.48 

CWE 

9.58 

10.74 

10.62 

-1.16 

-1.04 

0.12 

ED 

16.40 

10.62 

10.14 

5.78 

6.26 

0.48 

CNG 

14.22 

13.98 

13.80 

0.24 

0.42 

0.18 

CMS 

10.42 

10.92 

11.04 

-0.50 

-0.62 

-0.12 

DPL 

9.45 

11.58 

11.22 

-2.13 

-1.77 

0.36 

DEW 

10.68 

11.04 

10.62 

-0.36 

0.06 

0.42 

DTE 

9.97 

11.46 

11.52 

-1.49 

-1.55 

-0.06 

DQU 

7.95 

11.64 

11.64 

-3.69 

-3.69 

0.00 

EDE 

11.53 

11.52 

11.10 

0.01 

0.43 

0.42 

ENS 

13.25 

15.78 

16.56 

-2.53 

-3.31 

-0.78 

EQT 

16.87 

15.06 

14.28 

1.81 

2.59 

0.78 

FPL 

10.64 

10.68 

10.38 

-0.04 

0.26 

0.30 

GPU 

6.42 

15.90 

15.96 

-9.48 

-9.54 

-0.06 

GSU 

9.16 

12.24 

12.30 

-3.08 

-3.14 

-0.06 

HOU 

9.41 

11.58 

11.58 

-2.17 

-2.17 

0.00 

IDA 

9.95 

11.88 

11.34 

-1.93 

-1.39 

0.54 

IPC 

9.92 

11.40 

11.22 

-1.48 

-1.30 

0.18 

PPW 

9.65 

10.38 

10.26 

-0.73 

-0.61 

0.12 

IEL 

10.88 

12.30 

11.88 

-1.42 

-1.00 

0.42 

IWG 

12.48 

12.24 

11.10 

0.24 

1.38 

1.14 

KLT 

10.71 

11.82 

11.52 

-1.11 

-0.81 

0.30 

KGE 

9.19 

11.58 

11.76 

-2.39 

-2.57 

-0.18 

LG 

12.61 

13.50 

13.20 

-0.89 

-0.59 

0.30 

LIL 

9.26 

10.62 

10.68 

-1.36 

-1.42 

-0.06 

LOU 

9.91 

11.82 

11.10 

-1.91 

-1.19 

0.72 

MSU 

9.67 

10.80 

10.86 

-1.13 

-1.19 

-0.06 

MPL 

11.76 

11.28 

11.10 

0.48 

0.66 

0.18 

MPV 

11.98 

11.46 

11.22 

0.52 

0.76 

0.24 

MDK 

11.62 

12.42 

12.18 

-0.80 

-0.56 

0.24 

MTP 

9.54 

13.86 

13.80 

'   -4.32 

-4.26 

0.06 

NFG 

11.67 

13.92 

13.14 

-2.25 

-1.47 

0.78 

NES 

13.73 

11.04 

11.28 

2.69 

2.45 

-0.24 

NGE 

10.84 

11.16 

11.16 

-0.32 

-0.32 

0.00 

NMK 

10.30 

11.34 

11.22 

-1.04 

-0.92 

0.12 

NSP 

11.67 

10.86 

10.67 

0.81 

1.00 

0.19 

OEC 

9.70 

12.06 

11.76 

-2.36 

-2.06 

0.30 

OCE 

10.85 

11.04 

11.04 

-0.19 

-0.19 

0.00 

PCG 

10.60 

9.90 

9.90 

0.70 

0.70 

0.00 

PLT 

11.74 

12.24 

11.52 

-0.50 

0.22 

0.72 

PPL 

9.01 

11.22 

11.34 

-2.21 

-2.33 

-0.12 

PE 

8.52 

11.46 

11.64 

-2.94 

-3.12 

-0.18 

POM 

12.38 

10.44 

10.74 

1.94 

1.64 

-0.30 

PSR 

10.28 

11.82 

11.76 

-1.54 

-1.48 

0.06 

PIN 

9.26 

10.26 

10.92 

-1.00 

-1.66 

-0.66 

PEG 

12.11 

11.46 

11.04 

0.65 

1.07 

0.42 

PSD 

9.76 

10.74 

10.44 

-0.98 

-0.68 

0.30 

RGS 

11.32 

11.04 

10.80 

0.28 

0.52 

0.24 

SDO 

12.17 

11.70 

11.58 

0.47 

0.59 

0.12 

SCG 

11.29 

10.02 

10.92 

1.27 

0.37 

-0.90 

SJI 

11.88 

11.76 

12.00 

0.12 

-0.12 

-0.24 

SCE 

12.90 

10.80 

10.62 

2.10 

2.28 

0.18 

SO 

10.01 

11.34 

11.22 

-1.33 

-1.21 

0.12 

SPS 

12.00 

10.86 

11.28 

1.14 

0.72 

-0.42 

TXU 

8.29 

10.62 

10.56 

-2.3  3 

-2.27 

0.06 

TED 

10.80 

11.46 

11.46 

-0.66 

-0.66 

0.00 

UGI 

11.07 

14.22 

15.30 

-3.15 

-4.23 

-0.08 

UTP 

10.76 

11.52 

11.16 

-0.76 

-0.40 

0.36 

WGL 

13.66 

11.22 

10.62 

2. "44 

3.04 

0.60 

WWP 

8.61 

10.20 

10.20 

-1.59 

-1.59 

0.00 

WPC 

12.23 

10.14 

9.66 

2.09 

2.27 

0.48 

WPS 

12.58 

10.92 

10.86 

1.66 

1.72 

0.06 

Mean 

10.94 

11.66 

11.53 

-0.72 

-0.59 

0.14 

St.  Dev. 

1.72 

1.26 

1.30 

1.94 

2.04 

0.38 

C.V. 

0.16 

0.11 

0.11 

-2.69 

-3.46 

2.71 

Appendix  A:   List  of  Company  Codes  and  Names 


Code     Name 


AYP  Allegheny  Power  System 

AEP  American  Electric  Power 

ANR  American  Natural  Resources 

ATE  Atlantic  City  Electric 

BGE  Baltimore  Gas  &  Electric 

BSE  Boston  Edison 

BU  Brooklyn  Union  Gas 

CPL  Carolina  Power  &  Light 

CSR  Central  &  South  West 

CNH  Central  Hudson  Gas  &  Electric 

CER  Central  Illinois  Light 

CIP  Central  Illinois  Public  Service 

CIN  Cincinnati  Gas  &  Electric 

CVX  Cleveland  Electric  Illuminating 

CG  Columbia  Gas  System 

CWE  Commonwealth  Edison 

ED  Consolidated  Edison  of  N.Y. 

CNG  Consolidated  Natural  Gas 

CMS  Consumers  Power 

DPL  Dayton  Power  &  Light 

DEW  Delmarva  Power  &  Light 

DTE  Detroit  Edison 

DQU  Duquesne  Light 

EDE  Empire  District  Electric 

ENS  Enserch 

EOT  Equitable  Gas 

FPL  Florida  Power  &  Light 

GPU  General  Public  Utilities 

GSU  Gulf  States  Utilities 

HOU  Houston  Industries 

IDA  Idaho  Power 

IPC  Illinois  Power 

IPW  Interstate  Power 

IEL  Iowa  Electric  Light  &  Power 

IWG  Iowa  Illinois  Gas  &  Electric 

KLT  Kansas  City  Power  &  Light 

KGE  Kansas  Gas  &  Electric 

LG  Laclede  Gas 

LIL  Long  Island  Lighting 

LOU  Louisville  Gas  &  Electric 

MSU  Middle  South  Utilities 

MPL  Minnesota  Power  &  Light 

MPV  Missouri  Public  Service 

MDK  Montana  Dakota  Utilities 

MTP  Montana  Power 


Appendix-  A:   (Continued) 


NFG  National  Fuel  Gas 

NES  New  England  Electric  System 

NGE  New  York  State  Electric  &  Gas 

NMK  Niagara  Mohawk  Power 

NSP  Northern  States  Power 

OEC  Ohio  Edison 

OGE  Oklahoma  Gas  &  Electric 

PCG  Pacific  Gas  &  Electric 

PLT  Pacific  Lighting 

PPL  Pennsylvania  Power  &  Light 

PE  Philadelphia  Electric 

POM  Potomac  Electric  Power 

PSR  Public  Service  of  Colorado 

PIN  Public  Service  of  Indiana 

PEG  Public  Service  Electric  &  Gas 

PSD  Puget  Sound  Power  &  Light 

RGS  Rochester  Gas  &  Electric 

SDO  San  Diego  Gas  &  Electric 

SCG  South  Carolina  Electric  &  Gas 

SJI  South  Jersey  Industries 

SCE  Southern  California  Edison 

SO  Southern 

SPS  Southwestern  Public  Service 

TXU  Texas  Utilities 

TED  Toledo  Edison 

UGI  U.G.I. 

UTP  Utah  Power  &  Light 

WGL  Washington  Gas  &  Light 

WWP  Washington  Water  Power 

WPC  Wisconsin  Electric  Power 

WPS  Wisconsin  Public  Service 


Appendix  B 

:   BASIC  STATIS 
Table  B.l. 

TICS,  1960-64 

Company 

Mean 

Variance 

Skewness 

Kurtosis 

AYP 

0.0119 

0.0022 

0.3619 

1.64333 

AEP 

0.0147 

0.0024 

0.2523 

0.4464 

ANR 

0.0161 

0.0037 

-0.5646c 

2.52513 

ATE 

0.0129 

0.0023 

-0.2356 

0.5155 

BGE 

0.0104 

0.0027 

0.1261 

-0.0093 

BSE 

0.0153 

0.0014 

-0.1217 

-0.2253 

BU 

0.0107 

0.0027 

0.3163 

1.5356b 

CPL 

0.0180 

0.0029 

-0.85973 

2.6533a 

CSR 

0.0116 

0.0028 

-0.0421 

-0.5603 

CNH 

0.0156 

0.0023 

0.2340 

0.6578 

CER 

0.0143 

0.0033 

-0.3999 

0.9155 

CIP 

0.0142 

0.0022 

-0.5690c 

0.3177 

CIN 

0.0150 

0.0031 

-0.1468 

0.4499 

CVX 

0.0116 

0.0023 

0.0289 

1.75813 

CG 

0.0124 

0.0023 

-0.1599 

7.30253 

CWE 

0.0153 

0.0016 

0.7272b 

0.5493 

ED 

0.0127 

0.0015 

0.2972 

-0.5594 

CNG 

0.0110 

0.0021 

-0.4176 

2.03623 

CMS 

0.0158 

0.0018 

-1.2025 

2.85163 

DPL 

0.0158 

0.0030 

-0.0465 

0.0891 

DEW 

•  0.0116 

0.0030 

0.0873 

-0.2390 

DTE 

0.0133 

0.0020 

-0.2225 

0.7388 

DQU 

0.0116 

0.0012 

-0.0555 

-0.3127 

EDE 

0.0172 

0.0027 

-0.3399 

1.60253 

ENS 

0.0093 

0.0014 

-0.0887 

-0.4231 

EQT 

0.0087 

0.0024 

0.4112 

1.4827b 

FPL 

0.0089 

0.0044 

0.3805 

-0.1661 

GPU 

0.0127 

0.0021 

0.3328 

1.87153 

GSU 

0.0110 

0.0028 

-0.7396b 

1.82513 

HOU 

0.0170 

0.0036 

0.1323 

2.21033 

IDA 

0.0122 

0.0022 

-0.0461 

-0.3893 

IPC 

0.0156 

0.0028 

-0.0658 

0.2042 

IPW 

0.0126 

0.0017 

0.5342c 

0.0443 

I  EL 

0.0138 

0.0021 

-0.4604 

1.1020c 

IWG 

0.0150 

0.0016 

0.1421 

0.5918 

KLT 

0.0156 

0.0022 

-0.2184 

0.4528 

KGE 

0.0117 

0.0034 

-0.6971b 

3.55533 

LG 

0.0098 

0.0025 

0.1610 

-0.2855 

LIL 

0.0161 

0.0019 

0.2036 

0.7251 

LOU 

0.0144 

0.0038 

0.5143c 

0.3093 

MSU 

0.0135 

0.0025 

0.1518 

0.4219 

MPL 

0.0120 

0.0021 

0.4150 

-0.1606 

MPV 

0.0109 

0.0025 

0.81323 

0.7554 

MDK 

0.0094 

0.0015 

0.5011 

-0.0569 

MTP 

0.0141 

0.0031 

-0.0871 

0.5091 

NFG 

0.0095 

0.0019 

-0.1602 

0.2523 

NES 

0.0105 

0.0013 

-0.0701 

1.3426b 

NGE 

0.0130 

0.0023 

0.4045 

0.6322 

NMK 

0.0109 

0.0011 

0.0530 

-0.4237 

NSP 

0.0126 

0.0018 

0.2431 

0.0830, 

OEC 

0.0158 

0.0018 

-0.2232 

1.3111° 

OGE 

0.0157 

0.0027 

-0.1748 

0.2154 

PCG 

0.0119 

0.0020 

0.5798c 

0.5007 

PLT 

0.0085 

0.0014 

-0.1735 

-0.2092 

PPL 

0.0109 

0.0018 

-0.1846 

l.2659b 

PE 

0.0097 

0.0016 

1.09803 

2.05273 

POM 

0.0139 

0.0029 

0.4455 

1.0454= 

PSR 

0.0145 

0.0031 

0.3481 

1.0595c 

PIN 

0.0171 

0.0021 

-0.4578 

0.5195 

PEG 

0.0167 

0.0018 

-0.2529 

0.7  848 

PSD 

0.0080 

0.0020 

0.2803 

0.6167 

RCS 

0.0129 

0.0027 

0.2450 

0.4901 

SDO 

0.0121 

0.0019 

0.0018 

0.1616 

SCG 

0.0140 

0.0025 

0.2888 

0.6992 

SJl 

0.0121 

0.0045 

0.2778 

0.3099 

SCE 

0.0149 

0.0021 

-0.0716 

-0.2826 

SO 

0.0123 

0.0028 

-0.3489 

1.84613 

SPS 

0.0140 

0.0026 

-0.4421 

1.61673 

TXU 

0.01  12 

0.0028 

-0.4069 

1.0024C 

TEO 

0.0164 

0.0023 

-0.1089 

0.8415 

UCI 

0.0104 

0.0025 

0.2388 

0.6457 

VTP 

0.0075 

0.0023 

-0.0336 

0.4093 

WCL 

0.0107 

0.0022 

0.0125 

0.3972 

WWP 

0.0077 

0.0012 

0.1560 

0.6343 

WPC 

0.01  13 

0.0021 

0.4775 

0.0023 

WPS 

0.0  1  19 

0.0019 

0.3708 

0.55U9 

Table  B.2. 
BASIC  STATISTICS,  1965-69 


Company 

Mean 

Variance 

Skewness 

Kurtosis 

AYP 

3.0000 

0.0022 

-0.2016 

-0.4681 

AEP 

-0.0012 

0.0032 

0.7239b 

1.74903 

ANR 

-0.0007 

0.0026 

0.4233 

0.0378 

ATE 

-0.0029 

0.0029 

1.3008a 

2.19733 

BGE 

0.0017 

0.0022 

0.2109 

0.5444 

BSE 

-0.0015 

0.0019 

0.3227 

-0.0970 

BU 

-0.0020 

0.0012 

0.95443 

2.40743 

CPL 

-0.0002 

0.0029 

0.3840 

0.0702 

CSR 

0.0006 

0.0033 

0.4966 

0.5538 

CNH 

-0.0046 

0.0018 

0.5983c 

0.2317 

CER 

0.0000 

0.0028 

0.3101 

-0.5102 

CIP 

-0.0015 

0.0031 

0.7076b 

0.8584 

CIN 

0.0011 

0.0030 

0.80783 

0.9134 

CVX 

0.0010 

0.0015 

0.1781 

-0.1643 

CG 

0.0013 

0.0010 

0.5846c 

-0.1777 

CWE 

-0.0016 

0.0022 

0.3325 

1.0684° 

ED 

-0.0056 

0.0014 

0.85983 

1.3797b 

CNG 

-0.0007 

0.0012 

0.3708 

-0.5600 

CMS 

-0.0018 

0.0021 

-0.1734 

0.4080 

DPL 

0.0002 

0.0030 

0.6471b 

0.2758 

DEW 

-3.0012 

0.0034 

0.6181b 

0.5550 

DTE 

-  J.0040 

0.0012 

0.4976 

0.8744 

DQU 

-  1.0019 

0.0008 

0.3415 

0.3052 

EDE 

-  ).0001 

0.0020 

0.6565b 

0.8626 

ENS 

J. 0001 

0.0045 

1.35173 

4.83443 

EQT 

0.0000 

0.0014 

1.01343 

1.2594b 

FPL 

0.0012 

0.0022 

-0.0611  . 

a.  1664 

GPU 

-0.0022 

0.0024 

0.2153 

0.6153 

GSU 

0.0035 

0.0039 

0.6905b 

0.5217 

HOU 

-  J. 0014 

0.0027 

0.3515 

0.7051 

IDA 

0.0009 

0.0029 

0.5375c 

0.7853 

IPC 

0.0005 

0.0029 

0.2069 

-0.6280 

IPW 

-0.0047 

0.0009 

0.2708 

0.1458 

I  EL 

0.0043 

0.0021 

0.5171c 

-0.0065 

IWG 

-0.0037 

0.0021 

0.4712 

-0.2850 

KLT 

-0.0009 

0.0028 

0.1123 

0.4899 

KGE 

-0.0027 

0.0031 

0.1695 

-0.0011 

LG 

0.0010 

0.0013 

1.27723 

2.67103 

LIL 

-0.0021 

0.0018 

1.1 1083 

1.4670b 

LOU 

0.0012 

0.0030 

0.6030c 

0.2207 

MSU 

0.0030 

0.0049 

0.89933 

0.5832 

MPL 

0.0011 

0.0037 

0.89583 

1.5442b 

HPV 

0.0022 

0.0032 

0.5971c 

1.76923 

MDK 

-0.0004 

0.0027 

0.4520 

0.6653 

MTP 

-  3.0031 

0.0022 

0.92923 

0.9896 

NFG 

0.0003 

0.0012 

0.6152b 

0.5425 

NES 

0.0005 

0.0018 

0.2613 

0.3592 

NGE 

-0.0017 

0.0023 

0.1104 

-0.3452 

nmk 

-0.0033 

0.0014 

0.4735 

0.0807 

NSP 

-0.0044 

0.0014 

1.16563 

1.86683 

OEC 

0.0018 

0.0020 

0.4339 

-0.3941 

OGE 

-0.0005 

0.0044 

0.2989 

-0.0171 

PCG 

0.0038 

0.0026 

0.93933 

3.25723 

PLT 

0.0010 

0.0016 

1.30013 

2.78443 

PPL 

-0.0025 

0.0016 

-0.0892 

0.2493 

PE 

-0.0017 

0.0009 

0.3428 

0.2627 

POM 

-0.0035 

0.0019 

-0.270i 

2.81643 

PSR 

-0.0031 

0.0031 

0.6028° 

1.4115° 

PIN 

0.0014 

0.0037 

0.3120 

-0.0375 

PEG 

-0.0017 

0.0026 

0.6135b 

2.65013 

PSD 

0.0011 

0.0025 

0.3326 

-0.0083 

RGS 

0.0007 

0.0031 

0.6439b 

0.5033 

SDO 

0.0068 

0.0024 

-0.5261c 

0.6535 

SCG 

0.0020 

0.0035 

0.4196 

0.2299 

SJI 

0.0000 

0.0009 

0.1379 

0.1235 

SCE 

0.0011 

0.0031 

0.1069 

-0.1091 

SO 

0.0005 

0.0036 

0.5449c 

0.4930 

SPS 

-0.0054 

0.0037 

0.98213 

3.44703 

TXU 

0.0017 

0.0024 

0.2548 

-0.0618 

TED 

0.0033 

0.004  3 

0.0917 

0.6870 

UGt 

'3.0029 

0.0026 

1.23233 

3.32203 

VTH 

3.0000 

0.0024 

0.5683c 

1.0616c 

WGL 

-  3.0012 

0.0008 

0.5627c 

0.2506 

WWP 

3.0007 

0.0014 

0.2215 

3.53943 

WPC 

0.0007 

0.0026 

0.4978 

-0.3551 

WPS 

3.0000 

0.001b 

0.3893 

-0.4855 

Table  B.3. 
BASIC  STATISTICS,  1970-74 


ComDanv 

Mean 

Variance 

Skewness 

Kurcosis 

AYP 

0.0004 

0.0051 

0.4832 

-0.4749 

AEP 

-0.0038 

0.0042 

-0.0940 

-0.1237 

ANR 

0.0084 

0.0035 

0.7845b 

-0.0250 

ATE 

-0.0011 

0.0033 

0.3777 

0.1083 

BGE 

-0.0043 

0.0029 

0.0914 

0.2300 

BSE 

-0.0037 

0.0044 

-2.11923 

10.9360a 

BU 

-0.0046 

0.0021 

-0.6746b 

0.8334 

CPL 

-0.0093 

0.0055 

0.0886 

-0.7099 

CSR 

0.0029 

0.0078 

0.8709a 

4.11273 

CNH 

-0.0019 

0.0028 

-0.0737 

0.8386 

CER 

-0.0030 

0.0032 

0.0294 

-0.5474 

CIP 

-0.0030 

0.0028 

-0.0043 

0.4990 

cm 

-0.0008 

0.0033 

0.2467 

-0.1659 

cvx 

0.0019 

0.0029 

-0.0715 

-0.0971 

CG 

0.0049 

0.0046 

0.6361b 

0.6687 

CWE 

0.0001 

0.0043 

0.4865 

0.5780 

ED 

-0.0077 

0.0103 

-1.7088a 

12.57243 

CNG 

0.0046 

0.0034 

0.6308b 

0.7636 

CMS 

-0.0111 

0.0044 

-0.7075b 

1.94153 

DPL 

-0.0036 

0.0022 

-0.4552 

1.2514b 

DEW 

-0.0039 

0.0033 

0.0392 

1.6308a 

DTE 

-0.0076 

0.0030 

-0.4460 

1.9517a 

DQU 

-0.0039 

0.0019 

-0.0239 

-0.0516 

EDE 

-0.0010 

0.0022 

-0.3864 

1.2430b 

ENS 

0.0136 

0.0065 

0.87613 

1.87363 

EQT 

0.0009 

0.0026 

0.5047 

0.5767 

FPL 

-0.0054 

0.0083 

-0.1668 

0.6660 

GPU 

-0.0043 

0.0039 

-0.2145 

1.5541b 

GSU 

-0.0020 

0.0096 

0.4756 

0.8355 

HOU 

-0.0025 

0.0070 

0.2745 

2.3231a 

IDA 

0.0015 

0.0031 

0.0296 

-0.7056 

IPC 

-0.0029 

0.0050 

0.1113 

0.0280 

IPW 

0.0014 

0.0022 

0.0070 

2.9921a 

IEL 

-0.0045 

0.0032 

-0.2671 

1.2006b 

IWG 

-0.0032 

0.0023 

-0.3673 

1.0141= 

KLT 

-0.0018 

0.0030 

0.7223b 

0.7077 

KGE 

-0.0034 

0.0028 

-0.3004 

0.3502 

LG 

-0.0008 

0.0020 

0.1746 

1.3203b 

LIL 

-0.0048 

0.0040 

-0.4118 

0.1310 

LOU 

-0.0029 

0.0038 

0.1582 

-0.5707 

MSU 

0.0000 

0.0080 

0.5227c 

2.7473a 

MPL 

0.0013 

0.0036 

0.4403 

0.2433 

MPV 

-0.0077 

0.0032 

0.3967 

0.7829 

MDK 

0.0051 

0.0029 

O.9830a 

1.0029c 

MTP 

0.0036 

0.0033 

-0.0113 

0.1054 

NFG 

0.0032 

0.0028 

0.2350 

0.1654 

NES 

0.0000 

0.0041 

-0.4299 

2.20553 

NCE 

-0.0016 

0.0032 

0.3784 

-0.0961 

NMK 

-0.0034 

0.0025 

-0.84633 

2.0766a 

NSP 

0.0017 

0.0029 

0.1727 

-0.4941 

OEC 

-0.0041 

0.0032 

0.0351 

0.5751 

OGE 

0.0047 

0.0059 

0.3553 

-0.4892 

PCG 

-0.0002 

0.0047 

0.3124 

-0.3033 

PLT 

-0.0013 

0.0031 

0.4300 

0.2950 

PPL 

0.0000 

0.0029 

0.1203 

-0.0765 

PE 

-0.0040 

0.0031 

-1.25743 

4.5706a 

POM 

0.0026 

0.0031 

0.93213 

l.9185a 

PSR 

0.0004 

0.0049 

0.1551 

0.1953 

PIN 

0.0042 

0.0060 

0.1394 

0.3227 

PEG 

-0.0057 

0.0028 

-0.1821 

0.4332 

PSD 

-0.0002 

0.0022 

0.5295c 

-0.2160 

RGS 

-0.0065 

0.0025 

0.1815 

-0.3242 

SDO 

-0.0053 

0.0050 

0.5002 

0.1594 

sec 

-0.0073 

0.0086 

1.2275a 

3.l391a 

S.II 

-0.0064 

0.0029 

0.2391 

4.9845a 

SCE 

-0.0005 

0.0062 

0.4117 

0.2539 

SO 

-0.0097 

0.0047 

0.0214 

-0.4595 

SPS 

0.0030 

0.0028 

0.6741b 

-0.1301 

TXU 

0.0020 

0.0062 

0.1703 

0.0750 

TED 

-0.0016 

0.0042 

0.531  2C 

1.072«c 

UGI 

-0.0037 

0.0056 

l.l353a 

2.4040a 

VTP 

0.001 1 

0.0028 

0.3569 

0.1511 

WGL 

-0.0020 

0.0059 

0.5976c 

5.8576a 

WWP 

0.0032 

0.0012 

-0.1957 

-0.5467 

WPC 

0.0079 

0.0031 

0.3140 

0.9101 

WPS 

0.0021 

0.0011 

0.4034 

0.5665 

Table    B.4. 
BASIC   STATISTICS,     1975-79 


Company 

Mean 

Variance 

Skewness 

Kurcosis 

AYP 

0.0130 

0.0047 

2.19453 

7.86543 

AEP 

0.0133 

0.0028 

2.37083 

10.43043 

ANR 

0.0136 

0.0026 

-0.2970 

-0.1031 

ATE 

0.0140 

0.0041 

1.07823 

3.58173 

BGE 

0.0154 

0.0032 

0.8708a 

1.91763 

BSE 

0.0163 

0.0035 

2.16343 

8.8849a 

BU 

0.0207 

0.0030 

3.09033 

17.10733 

CPL 

0.0192 

0.0064 

2.5548a 

13.02993 

CSR 

0.0075 

0.0028 

0.4161 

0.7552 

CNH 

0.0161 

0.0029 

2.76103 

14.01833 

CER 

0.0139 

0.0030 

3.39113 

18.38473 

CIP 

0.0138 

0.0040 

4.08113 

24.71063 

CIN 

0.0114 

0.0033 

0.6164b 

1.4025b 

CVX 

0.0098 

0.0031 

1.25763 

2.39253 

CG 

0.0174 

0.0032 

0.2041 

1.0316c 

CWE 

0.0070 

0.0027 

0.4019 

0.2325 

ED 

0.0303 

0.0060 

2.89353 

13.90893 

CNG 

0.0192 

0.0041 

0.0542 

0.1943 

CMS 

0.0221 

0.0060 

3.25613 

17.90313 

DPL 

0.0127 

0.0038 

1.89673 

6.52403 

DEW 

0.0145 

0.0027 

1.33073 

5.62763 

DTE 

0.0186 

0.0061 

3.71123 

20.69553 

DQU 

0.0120 

0.0031 

3.32233 

18.59383 

EDE 

0.0101 

0.0021 

1.04113 

2.91423 

ENS 

0.0162 

0.0044 

-0.2506 

-0.1183 

EQT 

0.0223 

0.0032 

1.24533 

4.98123 

FPL 

0.0160 

0.0045 

0.92563 

2.47693 

GPU 

0.0086 

0.0068 

-0.2126 

7.38383 

GSU 

0.0092 

0.0025 

0.82533 

1.3084b 

HOU 

0.0124 

0.0053 

0.4550 

1.0840c 

IDA 

0.0062 

0.0021 

0.7397b 

2.64173 

IPC 

0.0115 

0.0039 

1.30953 

3.17793 

IPW 

0.0101 

0.0024 

1.81273 

8.12683 

I  EL 

0.0187 

0.0059 

3.26263 

16.58003 

IWG 

0.0185 

0.0063 

4.3633a 

26.02483 

KLT 

0.0118 

0.0029 

2.70293 

12.74863 

KGE 

0.0138 

«  0.0037 

2.30983 

11.11003 

LG 

0.0172 

0.0051 

2.15693 

10.05913 

LIL 

0.0164 

0.0032 

2.06483 

11.21423 

LOU 

0.0100 

0.0032 

1.01733 

2.75593 

MSU 

0.0085 

0.0026 

0.5808c 

-0.3652 

MPL 

0.0129 

0.0015 

1.12403 

3.40893 

MPV 

0.0172 

0.0056 

2.03993 

8.4264a 

MDK 

0.0142 

0.0029 

0.0104 

-0.5250 

MTP 

0.0064 

0.0029 

0.4937 

-0.5160 

NFG 

0.0165 

0.0026 

0.1330 

-0.2448 

NES 

0.0188 

0.0037 

2.28263 

8.7987a 

NCE 

0.0149 

0.0029 

2.42893 

10.60173 

NMK 

0.0170 

0.0029 

2.7325a 

11.67153 

NSP 

0.0142 

0.0042 

1.93323 

7.98213 

OEC 

0.0119 

0.0034 

1.71543 

6.82613 

OGE 

0.0042 

0.0047 

1.12863 

3.04763 

PCG 

0.0108 

0.0017 

-0.0576 

0.3788 

PLT 

0.0163 

0.0022 

0.94853 

4.20293 

PPL 

0.0111 

0.0023 

1.76783 

8.30313 

PE 

0.0141 

0.0027 

1.40743 

3.03223 

POM 

0.0118 

0.0032 

1.39883 

5.95333 

PSR 

0.0103 

0.0038 

0.5087c 

0.5261 

PIN 

0.0109 

0.0035 

0.3465 

0.0788 

PEC 

0.0187 

0.0046 

3.21983 

18.15993 

PSD 

0.0153 

0.0028 

1.48713 

3.8776a 

RGS 

0.0171 

0.0052 

3.2S773 

15.822-53 

SDO 

0.0135 

0.0028 

0.79843 

3.00703 

SCG 

0.0168 

0.0047 

3.27753 

18.94763 

SJI 

0.0241 

0.0062 

3.44293 

19.73483 

SCE 

0.0141 

0.0023 

0.2178 

-0.3466 

SO 

0.0148 

0.0028 

1.89093 

5.4534a 

SPS 

0.0135 

0.0028 

0.5235c 

1.0129^ 

TXU 

0.0048 

0.0041 

0.1757 

1.2l79b 

TED 

0.0106 

0.0028 

0.6523b 

2.40123 

UGI 

0.0269 

0.0063 

0.94953 

l.b960a 

VTP 

0.014b 

0.0024 

0.4371 

0.2196 

WCL 

0.0206 

0.0045 

2.73093 

13.91043 

WWP 

0.0102 

0.0018 

0.7042b 

2.6686a 

WPC 

0.0078 

0.0023 

0.0461 

0.5211 

WPS 

0.0147 

0.0023 

0.7915b 

1.93063 

Table  B.5. 
BASIC  STATISTICS,  1979-83 


Company 

Mean 

Variance 

Skevmess 

Kurcosis 

AYP 

0.0201 

0.0027 

0.3879 

0.1372 

AEP 

0.0079 

0.0023 

0.7180b 

1.0006c 

ANR 

0.0145 

0.0049 

0.0  13  lb 

-0.3341b 

ATE 

0.0148 

0.0027 

0.7877 

1.4990 

BCE 

0.0148 

0.0031 

0.4369 

0.7058 

BSE 

0.0138 

0.0020 

0.1519 

0.9100 

BU 

0.0188 

0.0028 

0.1935 

-0.0376 

CPL 

0.0107 

0.0028 

0.2750 

1.2235b 

CSR 

0.0141 

0.0026 

0.5978c 

1  .8026a 

CNH 

0.0134 

0.0023 

0.713lb 

0.8760 

CER 

0.0161 

0.0031 

0.2641 

0.2015 

CIP 

0.0148 

0.0029 

0.3455 

0.1255 

CIN 

0.0049 

0.0039 

-0.2081 

2.2221a 

CVX 

0.0138 

0.0036 

0.5433c 

0.2107 

CG 

O.J0140 

0.0033 

-0.0395 

-0.2999 

CWE 

0.0116 

0.0022 

0.3948 

0.8567 

ED 

0.0225 

0.0027 

0.7757b 

-0.0411 

CNG 

0.0185 

0.0053 

-0.1706 

0.2140 

CMS 

0.0048 

0.0028 

-0.4822 

2.30213 

DPL 

0.0102 

0.0031 

-0.0848 

2.5382a 

DEW 

0.0173 

0.0032 

0.4716 

0.4242 

DTE 

0.0123 

0.0025 

0.6172b 

0.8968 

DQU 

0.0106 

0.0023 

0.2577 

0.7466 

EDE 

0.0149 

0.0029 

1.05823 

3.27143 

ENS 

0.0203 

0.0085 

0.4654 

0.1650 

EQT 

0.0342 

0.0109 

0.2124 

1.5929a 

FPL 

0.0163 

0.0017 

0.0123 

-0.0697 

GPU 

-0.0040 

0.0150 

-0.0458 

1.4505b 

GSU 

0.0127 

0.0028 

0.4834 

1.95493 

HOU 

0.0107 

0.0028 

0.2782 

-0.1395 

IDA 

0.0157 

0.0020 

0.0731 

0.2935 

IPC 

0.0092 

0.0033 

0.3226 

0.6372 

IPW 

0.0149 

0.0026 

0.4830 

0.5583 

I  EL 

0.0122 

0.0030 

0.5433c 

1.0744c 

IWG 

0.0150 

0.0028 

0.0659 

0.0073 

KLT 

0.0139 

0.0027 

0.5598c 

0.9655 

KGE 

0.0110 

0.0030 

0.4768 

2.91903 

LG 

0.0200 

0.0047 

0.2742 

1.2258b 

LIL 

0.0038 

0.0028 

-0.92133 

2.9736a 

LOU 

0.0129 

0.0023 

1.11643 

4.1055a 

MSU 

0.0095 

0.0027 

0.2485 

0.6596 

MPL 

0.0158. 

0.0026 

0.1638 

0.7194 

MPV 

0.0204 

0.0034 

0.77O2b 

0.8641 

MDK 

0.0185 

0.0031 

-0.3038 

-0.5287 

MTP 

0.0161 

0.0040 

0.1778 

0.3261 

MFC 

0.0157 

0.0043 

0.1261 

1.4058b 

NES 

0.0204 

0.0031 

0.6481b 

-0.0169 

NGE 

0.0138 

0.0024 

0.7873b 

0.8434 

NMK 

0.0132 

0.0026 

1.00083 

1.1988b 

NSP 

0.0176 

0.0029 

0.4649 

0.9854 

OEC 

0.0091 

0.0030 

0.1293 

0.0694 

OGE 

0.0146 

0.0030 

0.2757 

-0.1696 

PCG 

0.0153 

0.0019 

0.4095 

1 .037  lc 

PLT 

0.0193 

0.0035 

-0.0214 

0.0003 

PPL 

0.0132 

0.0045 

0.82373 

3.14713 

PE 

0.0109 

0.0026 

0.606la 

1.2091b 

POM 

0.0182 

0.0027 

0.6673b 

2.0255a 

PSR 

0.0123 

0.0025 

0.5407c 

1.0636c 

PIN 

0.0004 

0.0059 

-2.05823 

8.6535a 

PEG 

0.0134 

0.0031 

0.6930b 

1.1213c 

PSD 

0.0082 

0.0018 

-0.3029 

0.3510 

RGS 

"0.0120 

0.0026 

0.5  208c 

2.02223 

SDO 

0.0156 

0.0025 

0.5242c 

0.4149 

see 

0.0119 

0.0031 

0.0194 

0.1047 

SJI 

0.0147 

0.0036 

-0.6002c 

0.2096 

SCE 

0.0172 

0.0019 

0.6233b 

1  .  287 1 b 

SO 

0.0148 

0.0023 

0.82223 

l.0171c 

SPS 

0.0166 

0.0028 

0.2586 

t.63923 

TXU 

0.0124 

0.0024 

0.3779 

0.3482 

TED 

0.0084 

0.0031 

0.6450b 

1.98113 

UGI 

0.0112 

0.0083 

0.2763 

-0.6705 

VTP 

0.0145 

0.0023 

0.3876 

-0.2995 

WCL 

0.0191 

0.0153 

4.4060a 

27.62193 

WWP 

0.0090 

0.0017 

0.0352 

-0.2455 

WPC 

0.0  170 

0.0025 

0.3364 

2.89b8a 

WPS 

0.0  170 

0.0032 

0.05743 

2.03423 

3    \X    level 

b  57.  level 

c  10Z  level 

Appendix  C 

MONTHLY  CHEN  AND  LEE  BETA  VALUES  FOR  PUBLIC  SERVICE 
ELECTRIC  AND  GAS  COMPANY  (PEG),  1979-83 


Using  equation  (5)  the  monthly  random  beta  values  for  PEG  from  January, 
1979,  through  December,  1983,  are  listed  below.   This  series  was  among 
those  used  in  the  Box-Jenkins  model  designs  and  tests  in  Table  3,  and 
Appendix  B.   The  mean  and  standard  deviation  of  this  series,  listed  for 
all  firms  and  periods  in  Table  2,  were  derived  using  the  formulas: 

_*    h  -* 

»t  -  l  Bt/h  (CD 

n      A*  -Jk    2  1/2 

sb  =  [f  (W  Vi1  (c-2) 


f 

or  n  =  60. 

Monthy 

1979  Betas 

1980  Betas 

1981  Betas 

1982  Betas 

1983  B 

January 

1.670 

-1.091 

-1.260 

-.805 

.253 

February 

.663 

.614 

.128 

-.207 

.527 

March 

.388 

.278 

.078 

.293 

-.706 

Apri  1 

.412 

3.195 

.363 

1.342 

.681 

May 

-.286 

.493 

.279 

.743 

.282 

June 

.699 

.485 

-.097 

.313 

-.915 

July 

.202 

-.424 

.629 

.210 

-.744 

August 

.169 

.052 

-.125 

.967 

.252 

September 

.811 

-.788 

.850 

.191 

.609 

October 

.618 

-.143 

1.496 

.497 

-.971 

November 

.661 

.062 

.960 

-.507 

.434 

December 

.090 

.326 

1.194 

1.220 

1.527 

6  =  .31895   Su  =  .74487 

t  D 


Appendix  D 


EXAiMPLES  OF  PARAMETER  RESULTS  OF  ARIMA  MODELING  FOR  PUBLIC 
SERVICE  ELECTRIC  &  GAS  COMPANY  (PEG) 


Parameter 

Estimate 

Std.  Error 

T-Ratio 

Lag 

Mu  (=  u) 

0.324 

0.027 

11.80 

0 

AR9  (=  <j>9) 

-0.296 

0.155 

-1.91 

9 

MA3  (=  8  ) 

0.464 

0.133 

3.47 

3 

MA11  (=  B11) 

0.379 

0.152 

2.50 

11 

Constant  Estimate  =  0.420 
Variance  Estimate  =  0.462 
Number  of  Residuals  =  Series  Size  =  60 


Autocorrelation  Check  of  Residuals 


i££ 

Autocorrelation 

Lag 

Autocorrelation 

1 

.137 

13 

-.069 

2 

.033 

14 

-.185 

3 

.049 

15 

.007 

4 

.192 

16 

-.058 

5 

-.008 

17 

.124 

6 

-.064 

18 

-.101 

7 

.084 

19 

-.049 

8 

.088 

20 

-.121 

9 

-.025 

21 

-.145 

10 

-.094 

22 

-.078 

11 

-.004 

23 

-.131 

12 

-.106 

24 

.023 

X2  =  18.41,  D.F.  =  20 
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